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Mg ^UR3 0? z?zscTr/r:;;3s for -■ pq-^r la::’- 
I>;Zr!OgDCT-CTr 

Eie purpose of this Apper.dix is to cesoribe a Pleasure 
o. e^.eotsveness for -weapon syster.s e, -ployed asalnst isola- 
ted point targets, or r.ore generally, -.inen erplcyed against 


- — -o^ t.e^02?iSS or £2?9® 


i/c-r; 


- uS or tar^ot ccnolcxcs ;vh"'c- 


obey the “power law“. A target obeys the “power law“ if the 
e.pectec residue survi-.-ing a multiple weapon attach can be 
expressed as the product of the expected surviving residues 
from each weapon delivered singly.^ 

i:nis measure is an iaprovement over measures that assume 
mianate divisibility of weapons. 3y includlicg the constraint 
tha„ -.veapcns .may only be delivered in integral nunbers, the 

measure is more precise, and in particular avoids the large 
sr*ror*s C 2 _p ^ 

■ ' — ^ 2 .n uhe case cr kill 
prooaoalloles 5.ppro-achir.g iin'*tv 

DZ?.r^/~lTI0?J 

Tlie present .measure is based uoon a dete— - n- 
acfuai nu-rsber of weapons (in inventory) recuired to proCuce a 
specsiied amount of damage a;gainst a specified t;.pe of target. 

The inverse of she number so determined is then chosen as the 
measure of effecti'/eness (XOS) . Cie measure thus has the 
following direct significance - the cost of the -weapon 

-X i-n^s .meas'ure of its effectl-v-eness is simoly the 
total, cost for obtaining the desired effec^PP a single target 
s^psciPiec “tyiD6. 

.if-'’ blast cas-ualties 

^=)ilo-,-.' the pov/er lai-f 

zeros'Ts ihosin! optimal pattern of desired ground 
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vs besln rhe Ssrivstirn, conr.lasr tl'.o case of M ;,ii 3 siie 3 
2 tt.vcl-:ir;s >■! idor-ticsi tai’sets. Let 3 be the probability 

a sarv^ves any single attacking inisaile (the single- 

shot survival probability) . Let K = [ ] represent the "basic 

, coverage," -,;here the braclcet sr.snbol is such that [ x J fienoteo the 
largest integer ccntainsi in K, therefore, represents the 

largest nwcber of v.’eapons v;hich can be applied to, every taraet 
without e;-:ceeding the total available nuvPoer of v.-aapons H.. 

o ^ lx - cenoue -clie ''excess/' the nunber of v;eapons left 
over nfter eppiyir.c the basic coverage to each target. These 
excess missiles can then be applied to L of the targets, vmich 
then have a total K 1 we-apcns, vnile the remaining - L 
targaos nave had Just K v/eapor.s applied to them. Ins e;co 3 cted 
fraction of the target system surviving is, therefore, 

(N - L)S*" = SN (1) 

\^her8 E is the e::p-ected nur.ber of targets in the targer 
system surviving the attack and S is the e:^ectea fraction 
the total rargeo system surviving the attack. Ecuaticn (*! ) 
can oe rsv/ritren in the form 


s = S‘- (1 - (L/N) (1 - 3)) 


( 2 ) 


Vi v;e let g _ L/n( 0 <g< l) represent the fraction of ths 
uargeu sysrem rc v.nich IC *f 1 v/eapcns are apcliedj and let 
C = K ? then c: = M/y represents the average nvur.ber of 
weapons vnich nrast be delivered against each target in the 
tare,Su. S3.‘Suem zo acnieve the desired overall effect. 
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Its r-scli:ror=i .. 

---‘■a .::3,.oure or errectI'.-.-.,^s. w- , ^ 

.Vc.-^sse’- 


.. n ‘">1 "to CO'tPVtni *-i;a 

may bo rev; 


(3) 


tne form: 

. S = s'Vl - 3 (1 - 5) 
v/hlch .Tiust no-; be solved -.- 


‘Titton ir. 


(^) 


and 3 


Conslds 


I or tr'=> 


C _ .K' 

O - C) 


wnere the 

x-<- — vju'o oc?r 


observed that Scuaticns (v) 
values or vr . 

= ins/in S. 

Wc- can now oetenr.-ir- f.P 
Because Eo-usf:-; pr- ^ / •, \ _ . 


folic v;s that 
^ so tha 



equation 

alleged to take on any 

•s cuant. 

^ t V K + - -V - 

( 5 . 

) coincide fur a'' 

ion ( 5 ) 

has thP sr.v^ticn 

’Siaeter 

B in Hquatlcn ( 

) agree 

for integral val- 


lao K must be the ! = >'- 


(5) 

numoer. 

be 

f nte.T'j^p 1 

(5) 

). 

ues of *rT' ; .* 


est integer contained in 


K = 1 in S/i n s ] 


It rs-nains nov; orv- t-r- -i 

wc uevOrmina 

"* vcilae of 


(7) 


3cirransement of Equation ( 4 ) i 


/. or 3 • ' 


p =a - 3/sV(i - s). 

■S formulas may be si^-.-i-?-. ^3 b- , ■. 

■ -ntrod-ncinr; {-•-,, 


(3) 


-v,-..j..jv,-ans aev; nctarion: 


i**ie 


= fn S/S n 3 
= = , 


" -^-'i-^sents the theorstica’ 


( 9 ) 


vumoer of weapons which would be 
^i'initeiy div'isible, jt is 

£.?pc-ndi;v "B” to ' 

— nolocur*** 

B-i-pors":;;, r..;, 


^'e'i'-h.red if the v'e->>-r,r-- 

>*v-i-porio v;ere --'‘t 




- 2i 


( 10 ) 


lc!ent<c£l to the earlier reasui-e use- occa-r'-n-*..,. : . 

'•* 3 Sr.t 5 c’oo I a V,,'., _ rs y . . 

>c-.* r: Oi t:\lB t 

‘ niu::-e>- fror.i 

Zqurticn {7) v;e h^^ve* that :•: == [a] := .. . ^ 

so that ' ^ ^ > 

a = K + ? = tt - 0 + (i . 
v/nicii is sinpiy reduced to tiie for^ 

= - 5 + (1 - 3“)/(I - 3) , 

The taroi (i - 7 . 

^ ~ ^ (11) can be regar-de 

as ths tees.. v*ich corrects the eieasui- • 

-^lecoiveness z^or 

the eriects of the conssralr.t to Integral n-ue-.bers'of weapons, 
tne orececH'^'* “’—f: '■-...' 

^ ^ , ‘ "'^■’ -"O— tO.;.-..ig ses of equations 

-E >.0 oe usee to csteraine the i-' c-'''- - 

^ — — <-co3.i= Oi ei reoua veness • 


4 = f nS/-n S 

“ = P- - [,uj 

“ = 5 e(i- 3 ")/(i- S) 


(12a) 

(12b) 

(12c) 


IjjCL l^ION OP G?ERi-?rr'>;ar PAC~nro 

«.;iS j.nclu 5 icr: or the c'’'-'‘*'^a---T *’ 

^ -mc-.ers Cl reliability^ 

p Siis c j’ac i la t'*’ , su .''*'^5 t ■’ ■< - 

sa. .x.^„_l_,,,^ repro,-ra:nr.abiiity. v/ili now 

be developed. V:e s.ball reco^nice th>^e^ s-M--' .. 

— — V ^oiona 01 tae 

operatloraf ^ ^ -t 

- Cl a ;^eapon system, the on-launcher 


rel^abali'cy denotecii t~7 KlJj 


TV. 


nfii.- 


hy R, 


.aonr reliaoilaty denoted 


r> _ V. ....... , 

j SuiO cne u e r rni *'“< a "* ■! i .j ■> - _ . . , 

- aenctea ox.- rt. yp,s or 


launcher relia'"‘ 


— j cenores 


-ne prcoacalit:; tivav a missile 


on-launcher ..;ill be successful!, ^ca:'.— ’ d— .-n - ' ■ 

*' - w. cs.^..Tx oc tile poant cT 

T="'-'h . -1* -f. -j ^ ' j T . . 

J i-cv^i-.o-ces “he proba- 

bilitf that a Kissils will perfem without njai^wn.r.on — o-- 

c.he burnins ifsase, and ters’.inal rs ' ,- 

.-.i, o.onotas the 

probabiiit;- that tne -nissils •■-■:•: s-cc^': ■?'•■•■ ’ -'-= ' • 

o-cc‘cSc 5 i uj. j.y rs-entaz' and 

detonate, in addition, v;e s:---n ■• 

v-w ^*iC^uce me eirset of the 

pane t rab Hi t. 7 , . , 

- .'v w.,c.^ ^i.e ceiivery veiiicle 


UiiCu^Sb^IlD 
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• ^Vill successruny penetrate a.n-- r-o<;-;v- , .. 

surviva 

- /, preoao: lit V- tuat the delivery vehicle cur^*iv-'^s a-. 

t-.- i..i avuac!: prior uo its la’anch. 'ynv-r-'Ty csni" 

— - Siie.J.^ vrsar tiir'?*- 

-Grees of re.roMabili .y for '.he veapon syste.c, -'full" 
reproTraair.iab'* T -■ -f-v, 

- ^ — ^..e cose Ir; v;hich all fallurss prior to bur 

urs detectable ar'*' ■"''•i*) o v... . 

cl— co^...,„j_e re.ai-G'etinj; of sub- 
sequent !r.i£.s’‘'es 

5__es, .lal rcprojra",irr.ang __ the case' when only 

those failures which occur *o •'■ -i - . 

p ;,-oj.i are oecectable and 

correctable b” retar’^ef: -- .., 

— o^ Oc..,.vup •..■eapens, and the case of 

no rsDror':'»'’”rr'’:T^ »-cr v^o-no 

• o — -cvC- -^csi^e IS irrevocably oorrirdtted to 
a single target fror. the be£i.nning. 

— e de„„-;:,in^trcn o: the rneas-ure of effectiveness, includ- 
ing tnese operation para:neters, vrlll new be considered, .s.s 

before, let 5 denote the required darage criteria (the required 

^ar^ec survival orobab'- * 

io;C? asno;:e ths 

single-shot hill probability for a successfully detonated weaoon 
asainst the target class considered. The SSK? is, therefore^ 
a function of the yield of the weapon, the deliver.' accuracy ^ 

of the weapon, and the target vulnerability only a::d does nL 
c.epeicd upon che other c!j 


le^Riv? r.ri.t: 1 f* 


^ ac ‘.^ors • I^eiiLre bi^e ^cri" 

reoro^raii'ncibl^ r-pr^pr-: rs-, 

___i,..o.. iciO.,or, .=.h, as foliov.rs, dependi.ng 

/upc.n the decree of reprogra.T:-:i.vig assu-ed; 

• t'l-,* ^ * HP • HT • ? (no reor’c.^^-’-..-.:-: 

\p>p . p" ■ reprogremting) (I3) 

( ‘*rull ■ r err ogr in ^ ) 

Hn, therefore, represents the fraction of the original force, 
for vfi-uLch no correctable failures have bee^detected, which 
Successfully deocnate in the vlqinity of the target. 

Lee Jiy aenote the reprovrainmabla degradation fac:cr defined 
as follcvs: 


u^;cLAS:^l?Tr,:n 
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o/ercbie Co:t RcHo (Mobils/FIxed) 


EFFECT OF INCREASING THE AREA OF OPERATI 


OF A MOBILE SYSTE 


1 

6 



1 

Fixed site survivabilify' is 0,5 
loo surviving missiles expected 

5 [ 

L/ A *- Leth( 
area 

I. 

1 

3 I area of attacking weapons/ 
of operation of mobile system 

^ 

— - 

\ 

] 



1 



_ --V 





200 _ 500 1.000 

ATfacI<lng Missiles 






-r. I'iitics Of 

Tor a linear 
rJcnless rati 
c^-nnot be use' 


to totil ian-rhs of roac or tr^clc 
c..oten. In the aree racblle cases the i^nen- 
cf attacicing nisslles/e-pected surviving c-ds’sile's 


C.Z oefore. 
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^ h6 ^ 


TO A??£NriA 


x'.L 0 ;'! C? XTJ^'IlyC COO*^' "v'-'^~CS 

LI 3? C? SY>i?QL3 

itit — rijjnj^r* 01 s, w'D£ck2.ri2 ^‘iLssHes 
ni.uTiOcrr’ ol* I'zLxsd mis oils 3 
N:^= number cf mobile missiles 
Sr - survivir.s Tixed weapons expected 
SA - surviving mobile v/eapons expected 
^ “ ®/iJ? 

^ = rJK/S? 

“ value ot a single surviving mobile missile 

= value of a single surviving I'^ixed missile 

P = H /r^ 


A“ area vrlthin which a mobile system i 


s ’niov.’n to operas 


L — lethal 


area cf enemy "’eaoon 


F— iraccicn cf an area s 
to psi level desired 


s’urvi^^ing aii enemy attack (not 


KS - n’umcer of possible fir-in- sites for point-to-point .ocbila 
system 

■ 7 = 

P' = m/:^s 

S^=, s^ur\^vability of fixed sits 

survivability cf mobile v/eapon at targeted launching 51 
C = index cost ratio. 


LISCbSSIOM 

1* If hyt missile 


s are lau::iched to cover as uniformly s- 
? targets, then NR f i of 


possiOj.e^a set cf NF targets, t-e^^ N'-? I 1/5 i o*' - 

^ . t . 

^.ar^e..s receive an extra missile above' the j^l missllt?‘3 
assigned the other targets. The expected number cf survive 
uargctc, SF, is thus given by 


1/ L "] US used to indicate the 

cr-acxeted expression. ‘ " 


con : nine i 


Knnex zc 


unclassified 


v/hsre S, is tae shot .^;i-vlvabl o- tirsat.A/ 

To oteliirj-ctailon, let 3 =|p. re (i.i) .3 3,,^,.,. 
piled tr.rov4';'. 07 there la ottainecl 

S7- >1? s/5l {(g . (j; ^ 

Which can be raarrn.-sGeu to cive 

S?= h? - (1 - s.)(3- fp])} 


2. At tills J'encture a nujober of paths is possible. V/e have 
chccen to emphasize the survivin- n>e:nbers of fined or 'mobile 
-nissiles, deriving the cost ratio that must exist at parity— 
_Sj as ncarlj eon-l as possible expected niimbers of sur- 
viving missiles from either a fixed or a mobile force. This 
ratic^ designated C, is given by hT/iiTh c expresses the 
nuEoer of fixed .missiles that must be purchasable at the price 
o... one ncbi.L= mnssile. .Alternativelpj C expresses the iaaxi.mu.m 


cost of .mobile missiles relative to fixed missiles the 
i.olarai,e-a (since -iooiie and fixed syste.ms are bein?' co 


can be 


are bein^- conparecl ab 


the mobile system is s'uf ficier.tly worthy in its survivability 
that the v;ea?cn buyer can stand higher a.na lUgher relative cost 
before sv/itching his preference to the fixed system. 


3 . If Equation (1.3) be divided by and the quotient 


i -(1 - sJO- [p])} 

•■•nicn can oe rearranged to .give o/p as_a function 
i.s 

A- ^ 6s.i°j (1 - s^) . 

^ + Ojs^^^-'d-sp 


3 , that 



Sinct; 


- equalr 




or 
SM^ 


siirce S?= CM by t!:e 
."■! for an invulnerable mobile 


parity constraint, and sines 
‘.v-wPi..! system, ^ Is the desired ratio, ^ 

“T* ±1 at. is considered tbat --'j > 

O- o..^L Sw. ..vlns lixei and mobile -eauers 

not be of Identical claraoter ' -’s 

c-Li 4.eiinj, pernaos, in 

y 1 urtner na->^»r^A<-PT- r ^ . 

^ — — -cue_, p ^ itiZc/ oe introduced at 

point. 


^ c.'ipresses one re^at“'vs 

_ -a...ve Ox sarviving mobile to 

surviv*^ r>c- 

^ne final expression for the cost 
r-at-io, vdiioh v;e :^ili denote Cl, is then 


Cl = p- 


1+ (1 _ 


- [?] s/-J(i . s,,) 


(5.1) 


s. This equation is susceptible to sinsle computer solution. 

for various values 6 and «; .>■• 

S^, ai/-3n one proper Integral 

value for [p] . [g] itself is rat'-e- ea- v- ■ / 

— j-G-t-iicx eac-i-.Lj o.e terriiined 

Recall Equation (3.1) 

, 03 


-=■ = — s 

c 0 ^f 


jl - (1 


- Sf)(3 - [pi )| 


7* TI*:e rir:rt-h->^^- ^ 

. s_Co o. oh^s cquacion is a monctone 

decreasing function of g and reduces to i s -- < 


integral 


values of 3 tt x-u^ .l.- t i 

x-oonctaon -s., _ ^ 

boCO:o_ri^ negative, befueen Integral values J and Jh- i, 

the exact value of [f;] is .vtvsn by j. 

b. Since [6], as sH.cvr. above, is a f.urrtlcn of (S„, 6), 
then Cl = ?(s^, e ) onlr.V 

p is mere^-- p nv .c. . " " * ’ 

carried for r.hrcjghout and i*s 

wi*c o kp , 
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.j... o.._.,_..ns Ci sle-er.cs of a mobile system 

are unicnov.T. exoeot vri.-thln a r»i of! veT - r-- 

r._^c..e^v i^rre area, the optimal 

enemy tactic is to attemot i— "orm co'-=— -'-■o 

. t-n— o^.„ v-ovs.^-e 0^ the iarcs area 

to the extent that his weapon stoc;:;,ile permits (grantir- that 

h. <S..-r,. to th. „otilo tvotot). ^-.o ..tpootod fr.ttil-, 

or t:-.o =obiao s;,tt= dostro;-.s It t:,c-o t.-.o f„otio„ 

oo-«rod. riot, . ,ot,i. tiotto I, str,t„li;, to,,»,A« toft, th. 

o_ an ensniy v;eapon vrzll usually far ercceed its 

Cr.?. For tills reason, it appears liicely chat an enemy could 

essentially pattern his weapons in a large area, achievlns 

acaitave coverage for each weapon -ontil his total coverage 

exceeded son. 50 or 6o percent (one- lay.r of rather consLativel 

spaced weapens to eliminate any appreciable overlap). We can 

- -o.v.,.0.., ?, or an area, a, survivins,- under 

this rule as 


p= 1-14^ (X.p< 0 . 6 ) 

where L is the le-thal area of a single weapon^ As a worst 
possible case, the enemy misht be considered to resort to 
randcni attack in the area 

_ea/^r^, a xractaon survivl^s ttat 

can be approxlinated by 


P = (1 - 


(9.S) 


10. In the mal^ cjor.-?--; 

Ox unis paper v;e nave presented 

CT.^y I or tne ron:ier case f ^^c’'a■^•* ^ 

1:7.1; j viiich seems 

- i wa^xwt^w -L or trie general problerp 

-1. Hec^if.ir.£ tnat Cl = p-J/g = p , Np/s? = jo , KF/SM, and 
3:i= M-j . ?, t.tg obtain 

^ (11.1) 

^ — 0 _y ^ 2:1 ven try Equation (9.1)/ 


C2= P^= Cl 

xVil 


^ *<>«» p*-- 

CO prohibit inte^^5s-':-■ j-CxencT^f xow levels 
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. 12 . C 2 r.ov; rv-pc-ncer.- on tiie ejrpllcit cne;-p fores level, 
in addition to the d-nensionloas paranotsr 6 =§ . Hence, ^ 
=2= ?('3, S^, L/A) = ?(SF, v-R, S^, L/A) . 

£ASE gA - LIl'^ZA?. MOBILE SYSTEil. 

13. certain trrpss of r.ooile systems -nay operate in a -aanner 
that precludes the conceptual use of the area r.ohile model just 
oescribsd (Casa 2 ) . Rail or some road motile systems may be 
treated as linear, rather th.an area motile systems. The attache 
attempts to blanket the track or road network employed by the 

ITIC Xs £ a'S "C cm 2.C 

cis... — a pcx i^ion uiie syszer?. cestroyecl given 

“h'-r T 1 

TL ' .vnere LL is a "lethal length" and TL the 
total length of road or rail upon which the system is Icnoxvn to 
operate. The "lethal length" LL, is a function of yiHc a.nd 

C... , ior reasonaoly lov; CEP's may be appronimated by ta-ice 
the lethal radius 


-L . * appareno «ha“ v;e can vnrite a new formula for a 

linear mobile system patterned after Squaticn ( 11 . i) for the 
area mobile system: 




C2A = Cl • ?' 

LL • MR 


( 1 ^. 1 ) 


p ' = 1 - 


TL 


15.- The identi cation of L with LL and A vrlth TL Is 
obvious. There is one additional feature of an attack on a 
linear mobile system. The constraint of less tha-i about 50 per- 
_Oi ‘-'t::liuj.uy oi “.quation ( 9 . 1 ) no longer applies. 
o_ a ^-rgeu does not involve the necessary over- 

^app-..g o.i cg.rcuuar weapon ez'^fect .patterns required to blanl:et 
^ ^ -c^-^eu be -end aocut oO percent. ' Hence.^ the upper limit 

of validity for formula (l4.l) is v;ell beyond i - ?' = £o 1 . 


UMCLASSirJTD 
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3 - ?0i;iT-?c-?0iH? mc5:ls system (s, = a i 
15. If e nob.Ua syoton utlluc-s presv-veyad firins sites, 
.=.o._,.s sore or less randcnly anong a nunber of such cites, the 


enemy, lack-in 


ing precis 


intellieenoe on the instants 


c.neous loca- 


tion of v;eapons, can assor-* ^ 

> u c.ssoc_aT:e vauh each site a probabil- 

- -0D___ ,.ec:..on will be there. This probability is 

oinply as .7 , where NS ■'"s ^"^e n-- • ^ 

ivci ^ ^ ^.o ^ne uOuc.1 nUiTiDsr of 

„n= mooiie system mav eroUv Tt- 

. s;,-3tem can 

fiPS ff^CJ? O'Oprr.rVH t* 4 „ ... 

_ res'..ricted to a teown area. Case 2 
applies, if the area is untoo-wn or too large for attack. 

Case 1 applies. 

17. If a mobj.ie -.■.eapon (v.-ith its associated mode of transoort) 

be located at a targeted site, the mobile weapon might still 

smr*vivs *-4 

<=--* .i^a^cn tv ^ 4 

‘ Sinccj in general^ 

portions of a mobile system will be in transit at any time, 
that fraction of the force is guaranteed to survive (barring a 
conoommitant area attack). Such a system is really a nixed'^ 
system of invulnerable and -vnalnerable mobile elements and there- 
fore, the higher the fraction in transit the better appears the 
mobile system against an;>- attack.^ 

18 . For Case 3, we shall consider a particularly soft mobile 
weapons system and correspondingly high enemy missile post- 
launch reliability and Uil probability, combining to give a 
value of SjTi essentially negligible, 

19. If we recall again that p /5 = (^M 'fil') _S£ SM 

\Nr Ak?./ “M? -3fw > 

v;e can VvTite 


NP = i SN; 


■ (19.1) 


l/an no case can tne ^ ..u ■ 

niobile s t-** uhac lor 'the, in\”w*T ■’*’=> p 

only from ore^cecv=-'ed''-‘-i^-e = ^°'-h-n constrained to'flre" 

Will ins-ure the riuL-ailsI-^'o; 

SS^ iS’tSSit-ls S‘,S‘l/' 


:/nCLA 3 SIFIuL) 


Anne:-: to 
Apyencii:-: ‘'c” to 
Enclosure 

V.'SEG .-.eport’ -.'o, 50 


e.-rprescec an a Kar.nsn analo£cus to Equation (I. 3 ) 
fcr £?, that is 


5H = ;-n.i 'll 


(1 - - ,0']) j 


"Ut P' is ncv; J-JH/KS, In ter.Tis of £1 6 = ® 

• p Ni'i ‘ MI? > snd 


3 ' beccnies 

p ^ 


20. case i: (treated in the followlnj; sect^‘< 


^0ii0;v'^ng section) utilizes the 
._>^c;._cn (j.9.2), (s^p' 0), Case 3 considers the 

reduced ecuation v*en I3 set eoual to zero and the enep. 


Utilizes at most 

( [P'3 = 0). 


•’ "‘"srefore, only a single layei 


of v;eapons 


SH= JJH(1 - ^ - py) 


ai. Substituting in Equation (I9.I) 


5?e obtain 


and niultlpiyins by p , 


P ''j? = P hl-;(l - Py . 

^ p (21.1) 

iv.._c„ „c.n b<= rearrangec, noting that pp = c3 and p- -2- = ci 
to yield “ . P ■’ 


C3 =CH1 - ^ 


(21.2) 


(21.3) 


oxpzesszcn 


Ince Cl = p I , to give 


C3= ~ - - 

1 *f C'V 


(21.^) 


:^C3ILi: SYSIS C) 


22 , As in Case 3^ v.*e pr 


oceed frcr fia o' ^ . 

Ui?*2;, retainin, 


l-I sj6'){i . 
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SI*' 


25 . A 5 ir* 


soi'/e j. or rr -3 cost ratio in cer:r.3 0 


o.'ner par-r_v:(?ter.s obtaining-; 


1+ 76sJS'^ (1 -SJ 


(23.1) 


This equation uas solved for C 4 by calculating trial values of 

say C‘r, by substitv^on of successive integral values of 

f 9 '], sa:;- j, until f £iL§2. 1 = j ^4 _ -577' ... 

I J ^ _ c^r* It nagnt 

be noted that Ct = ;r/'c o ^ \ ^ 

• 0 , 7 ) since p =F(C1,6) = ?(S..,o) 

as sboirn previouslv^ ~ 


SUMMARY 

Caow 2 c*.j.y (Area-Mocile Systen) does the functional 
relation for the cost ratio de.v.and a specification of the attack- 
1 -ng force level, fjR (and in addition, L/A) . In all other 
Situations, the din-.ensionless ratio, 6 = § = § specifies 
ohe case. Secondary variations are obtained by choice of 


7 j and S 


P is felt to differ frcn 1, the indicat 


;ed 


cost ratio C should be adjusted to pc. 

25- For convenience, the basic equations are sur-.arized beio^v. 

Invulnerable Mobile (25 1) 




+ [ 3 J (i-sp 


C 2 = Cl • ? 


C3 = 

J. T" 


Are a- Mobile 
Point- Mobile 


( 25 . 2 ) 

.= 0 (25.3) 


= Cl 


- [p'jsJ^'^ (1 . 


S,) 


1 -f 70 sj ^ ^ (1 - 


} 

in^ 


Dint- Mobile > 0 . 


( 25 r 4 ) 
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CASE 5 - II»iVUL : fZKA5L5 HC3IL" V5> LI I JEAR MOBILE SYSTEi^S 

25. Since all previcus cost ratios derived are sirailar in 
relating various rcblle systems to the fi:-;ed system, there exist* 
f'jrther cost ratios not yet explicitly derived v.’hich relate 
the various t;^?pes of mobile systems to each other. The present 
case derives the tolerable cost ratio that must obtain for 
equal numbers of s'ur'/lving missiles from an irrmjilnerable mobile 
system compared to a linear mobile system. 


26, If Equation (l4,l) for the linear mobile system be 
recalled 

C2A= Cl . .(26.1) 

and explicit relations for C2A and Cl be substituted, there 
is obtained 

S = pS • P' (26.2) 

The comparison base can nov; be changed frc.m the fixed system 
to the invulnerable mobile system simply by changing N? to i\Ty , 
v;hu-re refers to the invulnerable mobile system 




Pm • p' 


(26.3) 


27. As usual hvl ' = SM' for the invulnerable system, v;here 
SM*' -is the survi’ving mobile weapons from the irnnulnerable system, 

(27.1) 


* 

^SM' 

Wi 

^ SM * 

;a2-cen as 


= S^^ 



C5 = 


( 27 . 2 ) 
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PURPOSE 

1 . ?o in^'estigate the conditions under v;hich fi:^ed or mobile 

systems are prsTerred on the basis of tneir relative costs a^d 

1 / 


i^ivability to enemy missile attack.’ Results of 


taa: 


Appendirc vrill be integrated v:ith other pertinent variables in 
the Main Paper of Enclosure "A'* . 


METHOD 


Analytic .models are deri' 


perma using parametric comps 


is on cf fixed 


moc : s 


J .3 systems. The results are then aoolied 




,’ste.ms . 


ASSUIiPTIOMS 

3. at is assumed that no missiles are launched during the 
enainy caj-liscic missile attack. They are compared on the basis 
cf their survivability to the entire enemy attack. 


h. 




The attacker is given credit 
e location of mobile weapons 


for no intelligence on the 
at the time of his attack. 


DISCUSSION 


INTRCI 




cnat one prefers either an 


5. The models developed here assume 
2-11-fixed or an all-mobile s^^stemij arid investigate the conditions 
\incer v:hich each is preferred. It is usually true that if con- 
ditions are specified precisely then a si^igTe system rather than 
a mix is optimum,, in the .matheraatical sense. There are seme 


Consideration cf cost and survivability alone 'are sufficien 
for comparison of tv;o systems provided" all other oertinent 
variables (such as yield, CE? and reliability) are eoual. 
they are net equal then the analysis is appropriate for 
evaluation only if cost is replaced by an aporopriate cost/ 
effectiveness index. 
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•ens 


Cl ccrifv.L tion s s.riCi spccis.! typ 3 c of iriObil^ cvst 
fcr vrhich the math er.ati cal cptimun is ?. mixture. ?ur'tr‘=>r:o^‘=' 
if one is uncertain as to the characteristics of the enemy attack, 
he m»y assign weights to various enemy capabilities or attack 
levels and so arrive at a mined system. However, as will become 
apparent shortly, there ercist wide ranges of enemy capability 
and attack levels for v;hich either the mobile or fined system is 
al'vvays optimal. 

6. Another line of reasoning can also lead to a niij-.ed system. 

If daf^erent uses are to be made of surviving v;eaoons--dirferent 
target cypes, etc. — then different t^^es of v?sapcns may be needed^ 
each designed lor its specific task. Such a uiixtu'^e ’’ s c*er<=.r»aT ^ 
a cneaper aliernative than the design of a universal- all -purpose 
(/‘^eapon, SicLLlariy, ii a superior systerA is available later than 
others, a mix may result. 

7. In the follovjing discussion, v;e shall restrict ourselves 
to essentially similar systems designed fcr the same objective, 
anci consider the tnreats or ranges of threats under which fixed 
or mobile alvernatives (but not both) are the best buy. This 
approac.c is adequate for discussing the relative merits of fixed 
and i!iO:^‘ile sys s--enis, bu'c does nor- answer the cuestion of an ontimuTii 
force program, 

OF ?I}:ZD AIID MOBILE SYSTZMS 

8. ■ rrm tne attacker’s point of view, the kill nr-obabili ty of 
his V. capons might be thought to consist of: 

1 . The chance that his v;eapon destroy a given target at 
imlng pointy and 

. -he chance that the desired target is sufficiently near 
..^A*iing point. 


uricihssirizD 


- 
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firr,t 


5. The fixed cyC'ten^ ui;ually ii.ljcs hardenin;i to reduce the 
alternative probabilSty. ' Tne rr:obile systen, cn the otlier hand^ 
attains its "security** by Icxerina the second probability. That 
is, the multiplicity of points from. v:hich the mobile system can 
fire actually diffuses the enery attach ever a larger ars. , re- 
sulting in lov.-er densities of attach and correspondingly higher 
survivability at any given point, 

10. In the follov;ing discussion, then, v:e will consider fixed 
r. - terns of relatively high survivability, due to hardening, and 
no Dll e systems of relativel 3 ’’ low sumuvabilit^r v.hen located near 
an aiming point for an enemy v;eapon. Such mobile s^'s terns will be 
divided into two tyrpes. The first t^rpe (called "point- to-?oint 
mobile") achieves its survivability: by the multiplicity' of firing 
sites that it can employ'. The e:cpected number of mobile missiles 
at a given firing site is simply the total number of mobile mis- 
siles divided by the total number of possible firing sites for 
the mobile system. As the number of firing sites per ;nissile 
increases, of course, the survivability of the mobile systems 
increases. V/hen more missiles are added to this system more 
firing sites are also prepared. 

11. The second type of mobile system is constrained by the 
area in v/hich it must operate. Within this area, the number of 
permissible firing points is assumed to be greater than the number 
of enemy aiirdng points for coverage of the entire area. As the 
area of the operation of the mobile sy’stem increases, its surviva- 
bility correspondingly" will gain, hhen more- fAissiles are added 
to this system they are inserted into the -constrained area. A. ' 
subclass of the a.rea-mobile sy^stem is the linear-mobile system. 

A. rail or road-mobile sy^-stein might be thought best anoroximated . 


UT;CLA3SI?ITD 


Accendix "C" to 
enclosure "A" 

V;oT0 Report >^0. 50 



oy a line or series of Ijn-'-s .-'i--- ^ 

,,.,^ 0 h vhe syste- possesses a, 

I ire — I roiH”Sn^“’,*i^ers caoa'oi*^ * 

12. If the n-^ber of independent-^ firing points co'sld increas 
Without bo-und in the first case, the r.oblle system would become 

e SSSH u iS.1 1"7 q 4-1^ 

s^n^e ohe eneny attack v;ould be infi- 
nitely diluted, m the second case, if the area of operation 
approaches infinity the enemy attach is correspondingly diluted 
vu_n__^_l^^,, o. une mooale system reduced to -aero, ■ 
liETHOD OF COM?AHISC^? 

13. In each case mentioned above we have derived an index that 
permits comparison of mobile versus fi-.:ed systems. This index, 
v,no.cn IS a of whe nu-ber cf ene-y Tiissiles to be used 

-•w. aga.jiou une .^;<ec or mobile system, 

expresses the price ratio (mobile to f-ced) at .vhich it is i_ndif- 

,,._ch as pre^errec. If the mobile system costs 

more than the inde.x implies, then the ^--:x=d svs-e- i = r^-. -- 

^ uiJw — system* is preferred 

The mobile system is preferred if its cost is thought to be any 
lower value. Thus, in general the cost ratio index that is 
derived is some meas-are.-of the "goodness'- of the mobile system 
relative to the fixed system that it is compared against. The ' 
higher this index the more the mobile system is to be preferred. 

If the index drops below the expected actual cost ratio for a 
pair of systems, then the. fixed system is preferred. In the' 
figures that follow, various factors that enter into the compari- 
son of fi:ced versus mobile systems are srcplicitly illustrated. 
These factors are considered as principal jr^gredients that 
influence the survivability of either ^system. It should be 
noted that factors such as yield and CE? of enemy weapons are 


r^esuiuG givun I'or zne area-mob*^ f 

n ■ *'* ■; - . ' ' 


s^' s vcm iTi2.y 0 6 c.u‘Dli,6d 


as -'tota£°"rengt.^"'orra^ ru4“”¥»'le1h"l“- 

th3^5irSus)!“” - ^sthai 'length (abtut "twice 

— / ^ o . ir ^ng no m t s a**— ^ ^*** ^ — 

enemy missile!” “ " cestrcyed by a single 
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i:npcrtant only insofar as th-. coTo-e - ' 

_ ^ c^.o^ne .0 -iluenc 2 the surviva- 

o^i^uy of individual coints ^ , 

- ' oe vargjcted v/hen hard 

v^eanons o*^ i , 

50i u A’sapo^s t ^ . » 

^ located au ^,nese points, 

PR5SEM?attc;. 7 n- 5^•g^TT>T^c. 

1-r. Tne Annex to this Append!;-; der-fves <=ci'--ri ^ 

ecuci -Cions lor dete'^ir 

ins .he i„!ex cott ratios as a function of t^^e nohiie syst^r 

nardness of fi;.:-H ^ 

SjSuw;:^ and enemy th-^-=»=t « ^ 

va^ieoy oi special 

cases are rr.^se'-'.tiin -»vs ^.u -v. 

une figures belov;. 

Point-to -P oint Mobile <;v^r.on.o 

15 . figures 1 to 3 shcv; the =‘^‘-f=ct o-^ -'-a- 

or tc-1 -.b-1 • ^ '' 

o- ...J 

-p,* u 

ixrmg poinus in a po->'-t-to-:-r---- •- 

_ in an 

-ie:-ir*es "survival crobao '? t 1 tv" 

- -lues are sxsgi e-shot survivabili- 

>'ies. As the number of fir-inc- n'>ir-"- 

— o Pw^..o !ncreases, the ratio 7 

aecreasss and v;e are led to — 

, ^^cLo.w.ns in v.'hich mobile systems 

appear more and more favorable T'h'is 

• -h_s _Sj Ox course, reasonab"' » 

The upper curve, ;d;ere 7 equals 0 , applies to the base o- an^* 
-v^ulnerable mobile system, m this case, beyond certain lo. 
a..acxing levels, the !ndex cost ratio cuiciay rises. It sho^uld 
e novea tnat the Invulnerable mobile system. is preferred to the ' 

-laea system, for all Soviet ^o— levni ^ ^ 

beyond the intersection 

Oi the curve with t>-e hc*-i-n-n^-i t ■ 

.♦ts nCii.^onu=j. line reo'^^sen-f-i'-t'- 

^ -senvin^, ^he estimated 

cost ratio. This intersection, of co-urse, ocrurs at different 

attacicing force levels d=oe-d-i-.- nr, x . ^ - . 

. -i -.-i, o.. Jjsx v.'nat one estimates for 

the relative cost of mobile/fixed weapons. The various point-to- 

point mobi‘3 qvcr<a-,c 

- s,sr-...s, characterized by valuea-of 7 greater 

than 0, e.-diibit n=x-!r-= -=• — -u^ . . 

— a be seen in the figures 'rh'-'*? -^'nn 

sstima'ced cost -no-r 

10 ..ay intersect the curve twice. At force 

of attacking 'ne-mnr? x- ' . 

— _o._ oey....d xne second intersection the 

? T x5 ■ , 


fixed system becomes more attrac 


'He estimated ratio is 


above the mar.-'^-.um 

preferred regardless of the 

enemy force level, — ■ 
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PIC-URZ3 1, 2 AND 3 


K?F£C? OP VARIATIOMS 
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The effect of variations in ...«e .. 

-t-n in onese first -'■> 

always beco-e r.ore and pc- 

•H ‘‘••'Orasaa for the fi—d s----^» 

the fsui-v-; ^ Ax-vsc Sj^ij^er:^ 2.s 

“•^“'■•7 of the r*.- ■ 

^ sysrem increases. 

17. 

oobUe a. ^ ' l=vjl„ersMe 

, — '■I'-'— - ec nirrb*^’^ 

higher the r-iar-b^'-* survivors the 

siouaoiirg missiles ne>’ 

the higher th=b . . survivor and hence 

relative to ,. -sra.ea for sobile wearer 

'-weapons. It is to be v, ‘ "' 

the mobile s7/s+-o,-, < , hewe/er, that if 

system is truly inw.i n°-'-.- .. 

--pens to it, but Will tr=-^/ - 

— - .hese weapons to other targets. 

18. an all Of the preceding discussion . 

n'.obile weapon, if located at a point JV “ " 

always destroire-^ ^^tacicer alms, is 

vivacij.it-’' p TT^>n'- 

greater th^n b.. ‘ ‘ •'c--b.ie weapon be 

tolerated ^ can be 

..iOOj_ie s;/stem reiar.:j.v^ ”o th^ 

Jilgher. Pig-.:res 1 .-..rf ^ Is 

^ tbe marn^n ^ 

-St ratio is dependent on the su.^7iv=b. 7. 
when t.he weaoo- ^’s 

■ -s located at one of the , 

hs obs<=’'-'ved j-u j po_nt-s, X't m=’v 

unau the survn* yah-' . 

influential in ' -^-^—7 c.n oe quite 

in^, Lne cost ratio. •'Toe 

ability of the mobile w— -n , ' o.-^.er tne sur-.^iv- 

becomes. ’ the tolerable cost ratio 

Area_ Mpbiie 

19- A second t:^e of mobile system, the a-a . 

system, oresents e--.. " mobile 

-bS c..,£^p. ospeots that di-fo. •-£-.— 
point *-ne ppint-to- 


point rch^;^ 

s^- 0 L em. 

^ne ratio o^ 

to the toval area of 

operation of 

°- primary interest. 

The optimal 

Preci.s6 'r.telligonce. 

is ro attenc 


tlon Of the mobile s^bp... ' 

'^-^=s it is only 7->- .^=-4 
area to total a-. -.T': " 

'•■.—t ce^ermines the cc = '^ — 

Is Shown in Pi-u— . 7 . - ' "*ls ratio 

0-^0 .., 7 ancl 3. The ratios — r- -,— • 

**' ^ t-l...,o o£ interprete 
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EFFECT OF CHANGES IN Sm 



Attacking Missiles / Expected Surviving Missiles 

f li»U 

SILITT Of MOBIL: WEAPON *• • 

INC SITE 

:;!L iTY OF rlXcO 3!T: 

05!LE MISSiLiS 
;3;SL: FiPiNG SITES 

FIGURES 4i5 
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